Background: Human papillomavirus is responsible for a variety of diseases including grade 2 and 3 vulvar and vaginal intraepithelial neoplasia. The aim of this study was to assess parts of the burden of the last diseases including treatment costs. The direct medical resource use and cost of surgery associated with neoplasia and related diagnostic procedures (statutory health insurance perspective) were estimated, as were the indirect costs (productivity losses) associated with surgical treatment and related gynaecology visits for diagnostic purposes. Methods: Data from 1991-2008 were retrospectively collected from patient records of the outpatient unit of the Gynaecological Dysplasia Clinic, Heinrich Heine University, Dusseldorf, Germany. Two subgroups of patients were analysed descriptively: women undergoing one surgical procedure related to a diagnosis of vulvar and/or vaginal intraepithelial neoplasia, and women undergoing two or more surgical procedures. Target measures were percapita medical resource consumption, direct medical cost and indirect cost. Results: Of the 94 women analysed, 52 underwent one surgical intervention and 42 two or more interventions (mean of 3.0 interventions during the total period of analysis). Patients undergoing one surgical intervention accrued €881 in direct costs and €682 in indirect costs; patients undergoing more than one intervention accrued €2,605 in direct costs and €2,432 in indirect costs.
Background
Human papillomavirus (HPV) is responsible for a variety of diseases [1] [2] [3] . Discussion concerning HPV and associated epidemiology and disease burden, treatment and vaccination focuses predominantly on cervical cancer and cervical intraepithelial neoplasia (CIN) as a precursor of cervical cancer in women. While the incidence of cervical cancer has declined owing to the implementation of screening programmes, the incidence of vulvar intraepithelial neoplasia grades 2 and 3 (VIN 2/3) and vaginal intraepithelial neoplasia grades 2 and 3 (VaIN 2/ 3), primarily caused by HPV 16, have risen in recent decades. Data from the United States demonstrate a greater than fourfold increase in carcinoma in situ within a 30-year period [4] . In 2001, Anders et al. reported a VIN incidence of 7/100,000 women/year [5] . A German study established the presence of HPV in more than 90% of VIN 2/3 and VaIN 2/3 cases [6] . The increase in VIN and VaIN caseloads is attributable to a rising incidence of HPV infections and improved diagnostic procedures. The average age of affected women is between 40 and 50 years [4, 7, 8] . VIN is normally multifocal and present in combination with VaIN, CIN or anal intraepithelial neoplasia [9, 10] . Severe VIN progresses to vulvar carcinoma in approximately 9% of untreated cases [11] and between 3.8% and 6.5% of treated cases [8, 11] . Recurrence is common, being observed in approximately 30% of VIN lesions [12] and affected women suffer the individual distress caused by diagnostic and therapeutic procedures.
In Germany, medical care for women with VIN/VaIN is provided by primary care physicians, gynaecologists and dermatologists. For verification of diagnosis, further evaluation and treatment, patients are normally referred to an outpatient department of a hospital, generally a gynaecology department.
To assess the burden of these diseases, the costs for treatment of VIN/VaIN must be calculated because these are not currently available in Germany. The aim of the study was to estimate parts of the burden of disease on statutory health insurances (SHI) and society by:
1. Estimating the direct medical resource use and cost of surgery targeted to VIN 2/3 or VaIN 2/3 and related diagnostic procedures from a SHI perspective, 2. Approximating the indirect cost (productivity losses) generated by surgical treatment of VIN 2/3 and VaIN 2/3 and related visits to gynaecologists for diagnostic purposes.
Methods
Data were retrospectively collected from patient records between 1991 and 2008 at one study site. The outpatient unit of the Dysplasia Clinic, Department of Obstetrics and Gynaecology at Heinrich Heine University, Dusseldorf, Germany, is specialised in the diagnosis and treatment of female lower genital tract diseases.
All patient entries included in the documentation of laser treatments were pre-screened by hand-searching to identify patients who had a (suspected) diagnosis of VIN 2/3 or VaIN 2/3 and had undergone surgical intervention. Patient records of eligible patients were checked in detail to ensure that they fulfilled the following criteria for the study:
• Had undergone at least one of the following surgical interventions, either as an outpatient or inpatient (reference intervention): laser excision, laser vaporisation, biopsy, inguinal lymphadenectomy, vulvectomy, vulvar resection; • Had been subjected to a definite confirmed diagnosis of VIN 2/3 or VaIN 2/3 (as documented in the medical records of the study site);
• Lived in Germany at the time of intervention.
Patients with diseases other than grade 2 or 3 VIN or VaIN such as cancer or VIN 1, or those with incomplete documentation of interventions, were excluded from the study.
The reference intervention (i.e. the last or only surgical intervention within the observation period) had to be performed at the study site; prior interventions (inpatient or outpatient setting) could have taken place at the same site or at any other German hospital. Before and after surgical intervention, patients attended gynaecology outpatient departments of hospitals or office-based gynaecologists for diagnostic purposes (visit for diagnostic purposes). Diagnostic procedures were not standardised.
The following data were extracted from patient records using a case report form:
• Two subgroups of patients were generated:
• Subgroup I: women who had undergone one surgery related to VIN 2/3 and/or VaIN 2/3 diagnosis (the most common patient category); • Subgroup II: women subjected to two or more surgeries (representing more seriously affected patients).
Two time periods were analysed for each subgroup ( Figure 1 ):
1. Main analysis period -a one year period before the reference intervention, reflecting the time horizon most relevant for VIN 2/3 or VaIN 2/3 surgery; 2. Total analysis period -the period from the first documented contact with a hospital/gynaecologist due to VIN 2/3 or VaIN 2/3 to the last reported contact, covering the full time horizon for which data were found in patient records at the study site. This period is sufficient to cover the total relevant cost.
Economic burden was estimated from two perspectives:
• The SHI perspective takes into consideration medical resource consumption and fees reimbursed by SHI;
• The social perspective refers additionally to productivity losses to society caused by treatmentrelated sick leave.
Target measures were per-capita medical resource consumption, direct medical per-capita costs and indirect per-capita costs. Medical resource consumption for the patients included in the study was measured by counting:
• The number of surgical interventions due to VIN 2/3 and/or VaIN 2/3 in an inpatient setting and an outpatient setting;
• The number of related outpatient visits for diagnostic purposes before and after surgical interventions.
Data relating to medical resource consumption were obtained from patient records.
Direct medical costs considered analogously were:
• Cost of inpatient surgery;
• Cost of outpatient surgery;
• Cost of visits for diagnostic purposes.
The direct medical costs were calculated using two approaches:
• The first approach was to use "historical" costs, fees reimbursed by SHI in the year of surgical intervention and visits for diagnostic purposes as recorded in patient records. This approach resulted in "historical" medical costs. For medical services not performed at the study dysplasia centre, or if no unit cost was available from patient records, the mean value of the respective cost category from the study site was taken as the unit cost. To describe the trend followed by the three categories of direct medical costs over the time period examined, the respective mean values per case were normalised for six time periods: 1991-2002, 2003, 2004, 2005, 2006 and 2007-2008 , using the z-score (z ij = (X ij -μ)/ σ; i = 1, 2, 3; j = 1, 2,..., 6; X ij : mean of cost category i in time period j, μ: mean of all cost numbers; and σ: standard deviation of all cost numbers).
• To adjust for varying prices and fees over the time period, a scenario analysis was performed on the basis of unit cost in 2007 as found in patient records: median unit costs (base case), the lowest (best case) and the highest (worst case).
Productivity losses due to lost work days because of visits for diagnostic purposes and in association with surgical interventions were estimated as a proxy for indirect costs from society's perspective, based on the human capital approach. Per-capita costs were estimated as the mean duration (in days) per patient off work multiplied by a daily rate for "loss of productivity". Mean days off work per patient were conservatively estimated to be 0.5 days for surgery in an outpatient setting or attendance for diagnostic reasons, and the mean days on a ward for inpatient surgery (as found in the patient records). An average sick leave of five days after each surgical intervention was assumed. A daily rate of €90 (2006 value) was used, following the German Hanover Consensus, 3 rd edition [13] . The sample size was planned to be between 80 and 100 patients, as this number is known to be sufficient for precise estimations in cost studies.
Due to the study design and according to national legislative requirements a consultation at the ethics committee was not necessary. The national guideline for secondary data analysis [14] need to be complied as we did a retrospective chart review. Two exceptions from consultation by the ethics commission are mentioned in this guideline: 1) all data protection measures are fulfilled and 2) no relation to the primary data is planned. Exception 1 was fulfilled because according to the German data protection law, data from hospitalized cases may be used for scientific analyses by the hospital without special patient informed consent by the patients. Further to that, all patients in the study site signed a special form that their data may be used for scientific reasons. No relation to individual data was possible because all analyses of the primary data were performed at the study site and left the centre only in an aggregated manner. Therefore the second criterion was fulfilled, too. SPSS version 13 G and MS Excel 2007 were used to perform the analyses. P-values presented here are based on the Welch test.
Results
A total of 141 patients were eligible for the study; of these, 94 women fulfilled the inclusion criteria. Reasons for patient exclusion were no definite confirmation of VIN or VaIN diagnosis (20 cases), vulvar cancer (11 cases), no patient records (six cases), VIN 1 (four cases), condylomata (two cases), surgery not linked to VIN/ VaIN diagnosis (two cases), melanoma (one case) and lichen sclerosis (one case).
The first documented surgical intervention was in January 1991 and the last was dated February 2008. Diagnostic visits were documented from March 1993 to February 2008.
Of the 94 women included in the analyses, 52 (55%) underwent one surgical intervention related to VIN 2/3 or VaIN 2/3 diagnosis and were assigned to subgroup I. 42 women (45%) underwent two or more interventions and were assigned to subgroup II.
Demographics and basic characteristics
Patients in subgroup I had a mean total observation period of 0.53 years (range 0.01 -3.64 years; median 0.13 years). The respective figures for subgroup II were 4.35 years (0.11 -15.42 years; 3.38 years).
The baseline information is presented in table 1. VIN 3 was the dominant diagnosis in each subgroup. The range of patient ages had a normal distribution in each group and for both observation periods. Patients subjected to multiple surgical interventions (subgroup II) were younger on average than the patients who underwent one surgical intervention (subgroup I) (44 vs. 49 years; p = 0.026).
In subgroup I each of the 52 surgical interventions was performed at the study site. For women who underwent surgery more than once (subgroup II), 15 interventions out of 73 (20.5%) in the main analysis period and 33 out of 126 (26.2%) in the total analysis period were performed at a site other than the study site.
Surgical interventions were predominantly carried out in an inpatient setting (87%)
Resource use
Laser vaporisation/excision after diagnostic biopsy for histology were the most common surgical interventions Table 2 ). The mean number of outpatient visits for diagnostic purposes presented in Table 1 are based on a total of 80 visits for diagnostic purposes in subgroup I (main analysis period; 121 in the total analysis period) and 87 in subgroup II (main analysis period; 263 in the total analysis period).
The mean duration spent on a ward for inpatient surgery was 2.05 days for subgroup I and 4.9 days for Scenario analysis of direct medical cost used the average number of resource consumptions per patient (inpatient surgery, outpatient surgery and visits for diagnostic reason) as calculated from the numbers recorded in patient records for all three scenarios. These numbers were assigned the fees reimbursed by SHI to the study site in 2007. Median fees for "base case" calculations (lowest for "best case" and highest for "worst case") were:
• €958.40 per inpatient surgery (lowest €953.83; highest €1,931.71); • €260.10 per outpatient surgery (lowest €119.13; highest €287.78); • €89.59 per visit for diagnostic reason (lowest €89.59; highest €119.13). Table 2 presents the resultant direct medical per-capita cost. The base case scenario resulted in overall direct costs of €1,007 (€1,253 in subgroup II and €810 in subgroup I) during the main analysis period. Per-capita direct cost was €1,647 (€2,605 and €881, respectively) for the whole period. Scenario analysis demonstrates that in a worst case scenario (i.e. using the highest documented cost for surgical intervention/visit for diagnostic purposes) the cost burden is approximately double that of the best case scenario (i.e. using the lowest documented costs). Costs for subgroup II were three times higher than subgroup I across the total analysis period and 1.5 times higher during the main period. Historical direct medical costs taken from patient records fit into the ranges given by the scenario analysis based on 2007 unit costs. Indirect costs (Table 3) ranged from approximately €650 in subgroup I during the main analysis period to approximately €2,450 in subgroup II for the total analysis period.
Estimated indirect costs were lower than direct costs in the base case of scenario analysis; with the exception of subgroup II in the total analysis period, where indirect costs marginally exceeded direct costs.
Discussion
This study has presented initial data concerning the economic burden of VIN 2/3 and VaIN 2/3 surgery and related diagnostic procedures in Germany. The study site is one of the top dysplasia centres.
Cost burden associated with VIN 2/3 and VaIN 2/3 surgery and related diagnostic procedures is part of the overall burden due to HPV infections. Irrespective of whether VIN and VaIN are rare diseases, these results demonstrate that these costs should not be neglected in general consideration of costs for HPV-related diseases. In the inpatient setting, "historical" costs per surgical intervention were variable over time. This variability is most likely to be due to changes in the German reimbursement system for inpatient care, with SHI reimbursement based on a per diem payment until 2004 and on DRGs thereafter. Another explanation could be the improvement in medical treatment options over time; we observed a shift from an inpatient to an outpatient setting, potentially resulting in the treatment of only severe cases in hospital.
Patients who underwent one surgical intervention generated approximately €1,560 in "total" costs, with patients undergoing more than one intervention (subgroup II) generating approximately €5,030. As expected, subgroup II had the highest per-capita resource consumption and costs because there were more surgical interventions, and the high unit cost of inpatient surgery added to direct costs. Available data indicated that subgroup II contained more seriously affected patients than subgroup I. Patients were younger at the date of first surgery than patients who underwent one intervention, and with respect to inpatient surgery, the average length of stay in hospital was twice as long as those in subgroup I. This indicates that women subjected to two or more surgical interventions require more complex treatment.
In 2008, Petry et al. published the results of a survey carried out in Germany that collected data concerning the cost of screening and treatment for cervical dyskaryosis. The study revealed total per-capita costs of €1,055 in the PAP III group (mean direct cost: €613; mean indirect cost: €442) and of €3,174 in PAP IV group (mean direct cost: €1,881; mean indirect cost: €1,293) [15] . In 2008, the same authors presented annual costs associated with genital warts in Germany, disclosing direct medical costs ranging from €315 (men, new cases) to €1,563 (women, resistant cases), and indirect costs due to sick leave ranging from €0 (men and women, new cases) to €232 (women, resistant cases) [16] . Cost burden studies in other countries including France and the United States [17] [18] [19] [20] [21] [22] have used different approaches, making the results incomparable. For example, the average cost of CIN per episode of care was $1,709 (CIN 1 = $1,026; CIN 2 = $1,300; and CIN 3 = $3,235) in the United States [23] .
There are limitations with this study as documents from a single site were used and the data cannot be seen as representative for Germany. Furthermore, owing to the low incidence of VIN 2/3 and VaIN 2/3 and the restriction to one study site, only 94 patients were included in the analysis. This is likely to have affected the validity of the results and should be kept in mind when interpreting and using these results for any further analyses. This is why we refrained from extrapolating them to the German population. However, the data give a basic idea of the dimensions of the burden in Germany where no cost data existed until now.
The costs presented are an excerpt of the total direct medical and indirect costs. Not all outpatient visits performed for diagnostic purposes are documented in patient records at the study site, and documentation of surgical interventions is not 100% complete. In addition, the study was unable to include the cost of screening for VIN and VaIN that did not lead to surgery. Further, the economic burden associated with vaginal and vulvar cancer was not included. Given that vulvar and vaginal cancers are rare diseases compared to intraepithelial neoplasia [5] and that we were limited to one study site, we expected during the planning of the study such analyses would not have led to valid results. Therefore, it was decided to not evaluate these costs at the beginning of the study. Hence, the costs presented here are likely to be underestimated, particularly for the total analysis period.
Indirect costs could only be estimated. Patient records did not contain information concerning sick leave days. The numbers used for calculation were based on expert opinion and should be viewed as data from experience. The human capital approach, a relatively simple method to quantify the monetary value of productivity losses with its pros and cons, has been discussed extensively in the literature [24] [25] [26] . A per diem productivity loss of €90, cited in the 3rd edition of Hanover Consensus13, is an approximation based on 2006. A precise 2007 figure would have been marginally higher.
Conclusions
The economic burden on German statutory health insurance funds and society induced by surgical interventions and related diagnostic procedures for grade 2/3 vulvar and vaginal neoplasia should not be underestimated. The cost burden is part of the overall burden attributable to HPV infections. Discussion of HPV infections should not focus solely on cervical cancer and precancers. Other HPV-induced tissue lesions and cancers should be taken into account.
List of abbreviations CIN: cervical intraepithelial neoplasia; DRG: Diagnosis Related Groups; HPV: human papillomavirus; PAP: Papanicolaou; SHI: statutory health insurances; SI: surgical intervention(s); US: United States; VaIN: vaginal intraepithelial neoplasia; VDP: visit(s) at dysplasia outpatient department or office based specialist for diagnostic purposes; VIN: vulvar intraepithelial neoplasia.
